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African Acacia species are often major contributors to the progressive increase in the woody
component of savannas, a phenomenon commonly referred to as bush encroachment. In
Hluhluwe-iMfolozi Park, the numbers of adult Acacia nilotica (L.) Willd. Ex Del. subsp.
kraussiana (Benth.) Brenan trees per hectare far exceed those of A. karroo Hayne adults. The
relative dominance is reversed in the juvenile stage with A. karroo outnumbering A. nilotica
threefold outside closed woodlands. We experimentally investigated the effects of location,
structural habitat type, species, predator type and rodent presence on the level of
post-dispersal seed predation in an attempt to explain species dominance in Hluhluwe-
iMfolozi Park. Post-dispersal predation of A. karroo seeds (21.8%) was higher than that
of A. nilotica (12.7%). Predation levels depended on site, structural habitat type, level of
protection from different predator types and rodent presence/absence. There was more
rodent predation in tall grass areas (26.0%) than grazing lawn (10.7%) or canopy areas
(15.2%), and most seeds (19.7%) were lost from unprotected control groups. Rodent
presence was a significant factor in a model aiming to determine reasons for unexplained
seed disappearance.Post-dispersal predation of seeds could not account for the differences
in success between A. karroo and A. nilotica in Hluhluwe-iMfolozi Park.
Key words:Acacia, bush encroachment, grassland invasion, Hluhluwe-iMfolozi Park, rodents, seed
predation.
INTRODUCTION
The increasing density in the woody component at
the expense of the grass layer, in grasslands and
savannas, has been widely reported (West 1947;
Scott 1967; Archer 1989; Grossman & Gandar
1989; Roques et al. 2001), with special mention
being made of Acacia karroo Hayne (Du Toit 1967;
O’Connor 1995; Chirara et al. 1998) and A. nilotica
(L.) Willd. Ex Del. subsp. kraussiana (Benth.)
Brenan (Mackey 1997; Kriticos et al. 1999) as
major contributors to the phenomenon commonly
referred to as bush encroachment.
African Acacia species are able to produce large
quantities of hard coated seeds. A study in
Hluhluwe-iMfolozi Park (HiP) showed A. nilotica
trees to produce a mean of 992 and A. karroo a
mean of 1628 across various size classes (Walters
& Milton 2003). Seeds may be either wind
dispersed (dehiscent species) or animal dispersed
(indehiscent species) (Coe & Coe 1987) with seed
dispersal by these agents being an attempt at
reaching suitable sites for establishment. Post-
dispersal predators may, however, exact a varying
toll on dispersed seeds, resulting in varying levels
of seedling establishment. Small mammals and
insects are important post-dispersal predators,
with predation being variable in space and time
(Crawley 1992; Andresen 1999).
A net increase in shrub cover in the Hluhluwe
section of HiP has been reported for the period
1937 to 1975 (Watson & Macdonald 1983). In HiP
acacias are seen as major contributors to bush
encroachment. As recently as 22 years ago,
Whateley & Porter (1983) reported A. karroo to be
largely confined to the northeastern part of HiP.
This was confirmed by Bond et al. (2001) who
reported that in HiP, A. karroo woodlands were
rare, and that they found no adult trees in any of
their transects selected to cover a wide altitudinal
range. However, they did find 111 (62.5/ha) adult
A. nilotica trees when specifically avoiding closed
A. nilotica woodlands. This relative dominance
was reversed in juvenile stages with A. karroo
(725/ha) outnumbering A. nilotica (225/ha) three-
fold and therefore setting woodland structure to
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change in the future (Bond et al. 2001).
Bush encroachment and the factors causing it,
are poorly understood and various explanations
have been given for the phenomenon.Views range
from bush encroachment being a general, natural
process (Jordaan et al. 2004) to it being associated
with human activities such as high cattle densities
(Skarpe 1990; Ringrose et al. 1996). The socio-
economic importance of savannas cannot be
disputed. South Africa’s savanna biome is home
to approximately 9.2 million rural inhabitants
(Ballance et al. 2001) and is mainly used for live-
stock and game ranching (Grossman & Gandar
1983). Bush encroachment has been shown to
decrease herbaceous yield (Angassa 2005)
with declining primary productivity translating to
declining secondary productivity (de Ridder &
Breman 1993). With roughly 18% of the biome
under communal tenure (Ballance et al. 2001),
local communities stand to loose much through
the impact of bush encroachment on rural liveli-
hoods. Bush encroachment also decreases the
diversity of habitat for some species (Meik et al.
2002) and therefore biodiversity as a whole.
This study investigated the effect of structural
habitat type on post-dispersal survival of A.nilotica
and A. karroo seeds in HiP. The current study also
aimed to identify possible post-dispersal predators
and attempted to relate the post-dispersal fate of




The study was done in HiP, KwaZulu-Natal,
South Africa (28°00’–28°26’S; 31°43’–32°09’E).
HiP is a 960 km2 fenced area comprising the former
Hluhluwe and Umfolozi Game Reserves, and the
corridor of land that links the areas.The park has a
moderate coastal climate, ranges in altitude from
60 to 750 m above sea level (Whateley & Porter
1983) and has a summer rainfall ranging between
760 and 1250 mm per annum. Hluhluwe Game
Reserve has a mean annual rainfall of 990 mm,
while iMfolozi Game Reserve has a mean annual
rainfall of 720 mm (Whateley & Porter 1983).
Periodic fluctuations in above- or below-average
annual rainfall occur, resulting in wet and dry spells
of approximately nine years (Preston-Whyte &
Tyson 1988). The range in average monthly
temperature is between 13 and 33°C (Grobler
1984). The park comprises two major vegetation
types, namely the Zululand Thornveld and the
Tropical Bush and Savanna types (Acocks 1988).
Field experiment
A field experiment was conducted to determine
the post-dispersal fate of A. karroo and A. nilotica
seeds.The experiment took place between 27 July
2000 and 25 January 2001 and was conducted at
four sites (Le Dube, Maqanda, Nombali, Seme) in
the Hluhluwe section of the park. Each site was
represented by three habitat ‘types’ of interest
namely, tall grass, grazing lawn and sub-canopy
areas (areas under Acacia tree canopies). Three
types of cages, each containing five A. karroo and
five A. nilotica seeds, were placed in each of the
structural habitat types at all four sites.Cages were
classified as small (made from 13 mm chicken wire
netting), big (made from 58 mm wire netting) and
open (unprotected controls).Six of each cage type
were used in each habitat type at each site. The
cages aimed to exclude different types of preda-
tors from the seeds. The removal of seeds was
monitored on a weekly basis up to 35 days and
every 12–14 days thereafter up to 191 days.
Rodent presence, as indicated by chewed seed
‘shells’ and/or rodent droppings within a cage,
number of destroyed seeds (shells remaining),
number of remaining seeds, number of germinated
seeds and number of seedlings were recorded
for each Acacia species.The number of seeds ‘dis-
appeared’ was calculated as: 5–(the number de-
stroyed + the number germinated + the number
lost through ungulate trampling).
Data analysis
The STATISTICA® (v. 5.5, StatSoft, Inc. 2000)
Generalized Linear Model (GLZ) module was
used to build models for number of destroyed
seeds and number of disappeared seeds as
response variables. Data were of a binomial distri-
bution with an inverse normal distribution. The
probit model was thus used as the link function. All
effects except the fourth order interactions, which
were not significant, were included in the models.
The probit model for the number of seeds
destroyed may be written as follows:
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where NP = the normal probability, λ' = the overall
mean effect of the categories, λ' j
B = the effect of the
j th species (j = A. karroo, A. nilotica) λ'k
C = the ef-
fect of the k th site (k = Le Dube, Maqanda,
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Nombali, Seme), λ' l
D = the effect of the l th cage
type (l = small, big, open), λ'm
E = the effect of the
m th structural habitat type (m = grazing lawn, tall
grass, canopy), λ' jk
BC = the interaction effect be-
tween the j th species and the k th site, λ'klm
CDE = the
interaction effect between the k th site, the l th
cage type and the mth structural habitat type.
The probit model is written as a GLM as follows:
Number destroyed = β β χ β χ β χ β χ0 1 1 1 1 2 2 3 3+ + + + +B B C C c C C C
β χ β χ β χ β χ β1 1 2 2 1 1 2 2 11 11 111
D D D D E E E E BC BC CD+ + + + + +β χ .... E CDEχ 111 ,
where β β β β β β β β β β0 1 1 2 3 1 2 1 2 11, , , , , , , , ,
B C C C D D E E BC and
β111
CDE are the parameters estimated from the data
and B, C, D and E refer to the explanatory variables
species, site, cage type and structural habitat type,
respectively. The estimated parameters for the
GLZ were used to obtain the estimated parame-
ters for the probit model.
The model was run twice. Once using data of
chewed/destroyed seeds (known seed fate) found
in cages and once for data on seed disappearance
(unknown seed fate) from cages. The same
explanatory variables were used in the model for
seed disappearance as for seed destruction with
the addition of rodent presence as a main factor.
The predicted frequencies of seeds destroyed
and disappeared were seen as being appropriate
for interpretation as summaries of the data. As
the data were aggregated, the predicted values
are reported as predicted frequencies. Thus,
differences in the predicted frequencies of
seeds destroyed and disappeared are illustrated
graphically for each significant treatment combina-
tion.
RESULTS
Number of destroyed seeds
The maximum number of destroyed seeds at
each site (as on day 191) was used to test for differ-
ences among treatments. The factors used in the
model are described in Table 1.
The ratio of the model deviance and the degrees
of freedom was small (0.99) indicating that the
model fits the data very well. All the explanatory
variables and certain interaction effects signifi-
cantly affected the number of seeds destroyed in
the field (Table 2).
Number of seeds disappeared
The total number of seeds unaccounted for as on
day 191 was used in the model. The number of
seeds disappearing for each factor is given in
Table 3. The ratio of the model deviance to the
degrees of freedom was relatively small (1.80),
once again indicating that the model was a reason-
ably good fit. Species and rodent presence were
the only main effects of any significance (Table 4;
Fig. 1). Significant interaction effects are also
reported (Table 4; Fig. 2).
DISCUSSION
Number of destroyed seeds
The most striking result was that A. karroo was
more likely to be destroyed than A. nilotica with
21.8% of A. karroo and 12.7% of A. nilotica
destroyed. Rodent preference for A. karroo could
be due to the thinner seed coat of this dehiscent
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Table 1. Description of the factors and number of seeds used in the model to determine which factors affect seed
predation by rodents in the field.
Description Total number Number Number not Percentage
of seeds chewed chewed chewed
Total 2135 368 1767 17.24
Cage type Small 710 83 627 11.69
Big 710 144 566 20.28
Open 715 141 574 19.72
Site Le Dube 520 136 384 26.15
Maqanda 535 124 411 23.18
Nombali 540 75 465 13.89
Seme 540 33 507 6.11
Species A. karroo 1065 232 833 21.78
A. nilotica 1070 136 934 12.71
Habitat type Tall grass 700 182 518 26.00
Grazing lawn 720 77 643 10.69
Canopy 715 109 606 15.24
species (Coe & Coe 1987). Miller (1994) found that
rodents preferred A. tortilis seeds above those of
A. karroo and A. nilotica when looking at numbers
of seeds removed, while A. karroo was preferred
to A. nilotica. It is also possible that prefer-
ences are based on energy content of seeds.
Kerley & Erasmus (1991), however, found no
correlation between rodent preference and gross
energy content of seeds of 11 species, including
A. karroo.
Preferences may also be due to differences in
seed size. Hulme (1998) found that in temperate
grassland, rodents removed proportionally more
large seeds than small seeds, while the opposite
was true for the current study with the smaller-
seeded A. karroo having higher levels of rodent
predation.
In experiments done by Midgley et al. (2002) on
Leucadendron sessile dispersal, less than 2% of
seeds remained as husks ‘on site’.Our experiment
showed a higher proportion of seeds being eaten
‘on site’. One of the reasons for this could be that
different rodent communities may be involved.
Acacia rodent predators and their seed preferences
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Table 2. Log-likelihood III, Chi-square and Wald statistics indicating the significance of the factors and interactions on
the number of seeds destroyed in the field. Significant factors and interactions are indicated in bold.
d.f. Log– Chi– Wald P
likelihood square statistic
Habitat type 2 –785.584 41.621 35.296 <0.001
Site 3 –788.425 47.302 43.215 <0.001
Species 1 –775.806 22.064 21.763 <0.001
Cage type 2 –769.992 10.436 10.397 0.006
Habitat × site 6 –787.090 44.632 34.299 <0.001
Habitat × species 2 –764.877 0.206 0.205 0.903
Site  species 3 –768.872 8.197 7.635 0.054
Habitat × cage type 4 –773.788 18.029 12.286 0.015
Site × cage type 6 –784.174 38.801 22.231 0.001
Species × cage type 2 –766.272 2.997 3.012 0.222
Habitat × site × species 6 –782.908 36.269 28.524 <0.001
Habitat × site × cage type 12 –782.312 35.076 24.356 0.018
Habitat × species × cage type 4 –767.846 6.144 6.157 0.188
Site × species × cage type 6 –768.373 7.199 7.065 0.315
Table 3. Description of the factors and number of seeds used in the model to determine which factors affect seed
disappearance in the field.
Description Total number Number Number not Percentage
of seeds disappeared disappeared disappeared
Total 2162 536 1626 24.79
Cage type Small 722 170 552 23.55
Big 725 198 527 27.31
Open 715 168 547 23.50
Rodents Yes 1152 413 739 35.85
No 1010 123 887 12.18
Site Le Dube 547 174 373 31.81
Maqanda 535 162 373 30.28
Nombali 540 121 419 22.41
Seme 540 79 461 14.63
Species A. karroo 1080 326 754 30.19
A. nilotica 1082 210 872 19.41
Habitat type Tall grass 720 205 515 28.47
Grazing lawn 722 163 559 22.58
Canopy 720 168 552 23.33
may hold some clues for bush encroachment and
requires further research.
Although the actual proportion of seeds destroyed
in small, big and open cages was 11.7%, 20.3%
and 19.7%, respectively, open cages had the
highest predicted frequency of destroyed seeds.
There was very little difference between small and
big cages, but big cages showed high variation in
the number of destroyed seeds. Open cages allow
easiest access to seeds by rodents explaining the
higher levels of predation from these cages.
Seeds were more likely to be destroyed in tall
grass areas than grazing lawn or canopy sites, with
the latter two habitats having a similar likelihood of
having destroyed seeds. Tall grass sites may
provide cover for rodents, while canopy sites,
though providing cover, may also provide perches
for raptors. There was much variation in the
number of destroyed seeds in canopy sites and it
is possible that certain woodland areas are better
habitats for rodents than others, which may be
related to raptor habitat requirements and distribu-
tion. The total number of seeds attacked by rodents
and beetles varies with canopy openness
(Hammond et al. 1999). Structural habitat type is
considered an important factor in post-dispersal
predation (Janzen 1971) with Linzey & Washok
(2000) reporting higher levels of rodent predation
in grassy habitat than woody habitat; however,
they did not distinguish between grazing lawn and
tall grass habitats.
The significance of site and the interaction
effects: habitat × cage type, site × cage type,
habitat × site and cage type × site × habitat,
are also thought to be related to rodent habitat
preference. The grazing lawn area at Nombali,
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Fig. 1. Predicted frequencies of disappeared seeds for the main effects of (a) species and (b) rodent presence. Verti-
cal error bars show 95% confidence limits.
however, showed high rodent predation. This may
be explained by it both being a smaller grazing
lawn patch than at the other sites and being
surrounded by tall grass, providing rodent cover in
close proximity. Patch sizes and types may affect
the movement, distribution and abundance of
animals (Zollner & Lima 1999; Doak 2000) and we
suggest that, though not investigated here, patch
sizes may be important with regards to rodent
predation of seeds. The species × site × habitat
interaction effect may be related to the combina-
tion of rodent preference in structural habitat type
and Acacia species as reported earlier.
Midgley et al. (2002) tagged seeds to determine
seed fate and found that 98% of relocated seeds
were moved more than 2 m and buried less than
2 cm deep. In HiP, Walters & Milton (2003) found
very few seeds in the soil for either Acacia species
with no difference in the size of the soil-stored
seed-banks of the two species when sampling up
to a depth of 5 cm and up to a distance of 20 m from
the tree canopy. Therefore, it does not seem that
rodent predation would exercise a strong effect on
the size of the seed banks and thus seed availability.
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Table 4. Log-likelihood III, Chi-square and Wald statistics indicating the significance of the factors and interactions on
the number of seeds disappearing in the field. Significant factors and interactions are indicated in bold.
d.f. Log- Chi- Wald P
likelihood square statistic
Habitat type 2 –943.690 0.748 0.7336 0.693
Site 3 –946.340 6.057 6.0714 0.108
Species 1 –963.410 40.189 38.765 <0.001
Cage type 2 –943.840 1.045 1.0398 0.595
Rodents 1 –1008.080 129.531 120.7465 <0.001
Habitat × site 6 –959.900 33.173 31.1848 <0.001
Habitat × species 2 –943.380 0.134 0.133 0.936
Site × species 3 –947.030 7.440 7.3132 0.063
Habitat × cage type 4 –970.200 53.771 51.3879 <0.001
Site × cage type 6 –949.730 12.839 12.9892 0.043
Species × cage type 2 –949.550 12.479 12.1565 0.002
Habitat × site × species 6 –971.530 56.427 50.4577 <0.001
Habitat × site × cage type 12 –998.840 111.055 97.2158 <0.001
Habitat × species × cage type 4 –945.170 3.712 3.7302 0.444
Site × species × cage type 6 –946.410 6.196 6.0915 0.413
Fig. 2. Predicted frequencies of disappeared seeds for the significant interaction effect of cage type with species.
Solid lines = small cages; broken lines = open cages; dotted lines = big cages. Vertical error bars show 95%
confidence limits.
Number of seeds disappeared
Unlike the ‘number destroyed’model, only Acacia
species and rodent presence were main factors
affecting the disappearance of seeds. Thirty per
cent of A. karroo seeds disappeared compared
with 19.4% of A.nilotica.All rodent predated seeds
may not be eaten on site, but stored or eaten else-
where. Caching of seeds (Price & Jenkins 1986)
could account for seeds disappearing and for the
increased disappearance of A.karroo as a result of
rodent preferences mentioned earlier. Midgley
et al. (2003) found that while less than 2% of seed
husks were left behind, more than 90% of seeds
were removed by rodents, with the majority being
buried.
Almost 36% of seeds disappeared in the pres-
ence of rodents, while 12.2% disappeared without
obvious signs of rodent predation. It is thus thought
that rodents may also have removed a proportion
of seeds disappearing in areas showing no signs
of predation by rodents as a result of caching for
later consumption (Price & Jenkins 1986).
The habitat × site and cage type × habitat inter-
actions again are related to rodent habitat with
patch size playing an important role in seed disap-
pearance. Seed disappearance from small cages
was mostly due to losses from grazing lawn areas
and it is suggested that ants may be responsible.
Seed harvesting by ants is not uncommon (Gillon
et al. 1984; Bennet & Krebs 1987) and ants have
been reported to move more seeds than rodents in
grassy (Linzey & Washok 2000) and semi-arid
(Kerley 1991) habitats. In HiP, ant presence was
noted more frequently in grazing lawn than tall
grass or canopy sites (M. Walters, unpubl. data).
While South African acacias do not have
elaiosome bearing seeds, Acacia nilotica pods
secrete an aromatic, sticky substance (Coe & Coe
1987), which may stick to seeds, making them
attractive to ants. The possible effect of bird and
beetle predation was, however, not controlled for
and cannot be separated from the possible effect
of ants.
Most A. karroo seeds disappeared from big
cages followed by open cages, while most A.
nilotica seeds disappeared from small followed by
open cages. This again might suggest a rodent
preference for A. karroo. Davidson et al. (1984),
however, reported that in a desert habitat, rodents
removed seeds of large-seeded species, while
ants removed seeds of smaller-seeded species.
The present data suggest that for the two Acacia
species studied, the opposite is true.
The site × habitat × species interaction is
suggested to be a result of ant and rodent seed
preferences with all canopy sites and most tall
grass sites showing more A. karroo than A. nilotica
seeds disappearing.
It has been suggested that ants play a critical
role in accumulating seed-banks of elaiosome-
bearing Australian Acacia species (Holmes 1990).
These seed banks could contribute to the invasion
of grasslands by Acacia species. Seed banks for
these two species are, however, very small in HiP
(Walters & Milton 2003). The ability of seeds to
germinate also depends on depth of burial (Auld
1986) and if seeds are buried too deeply they may
not be able to emerge successfully.
Kangaroo rats (Dipodomys), while thought to
promote the establishment of woody shrubs in
grassland by caching seeds, were found to have a
negative effect on seedling establishment of
Prosopis in arid grasslands (Valone & Thornhill
2001). It has been suggested that Acacia seeds
chewed and discarded by rodents germinate
better than unchewed seeds (Miller 1995). Rodent
preferences for A. karroo seeds may thus result in
higher numbers of germinating seeds for this
species.
This study found that Acacia species, structural
habitat type, site and cage type were the main
factors influencing seed destruction, while Acacia
species and rodent presence were the main
factors affecting seed disappearance. Structural
habitat type, cage type and site, however, did not
affect seed disappearance in the field. Although
this study could not relate post-dispersal fate of
seeds to species abundance, the facilitation of
seedling establishment of encroaching woody
plant species by rodents in HiP deserves further
investigation.
While a significant shortcoming of this study is
that a large proportion of seeds was lost to an
unknown fate, it is not thought that those seeds
were buried, as soil seed bank studies yielded very
few seeds (Walters & Milton, 2003). We suggest
that future experimental research similar to that
done by Midgley et al. (2002) would prove valuable
in determining seed fate in savannas and might
yield results that further our understanding of
savanna ecology and possibly bush encroach-
ment.
ACKNOWLEDGEMENTS
This work was supported by the Hofmeyer Fund
(through the University of Stellenbosch) (M.W.),
Walters et al.: Post-dispersal fate of Acacia seeds in an African savanna 197
the Andrew Mellon Foundation (through the
University of Cape Town) (M.W.), The Green Trust
(WWF-SA) (M.J.S.) and the DST Centre of Excel-
lence for Invasion Biology (M.J.S. & S.J.M.).
Ezemvelo KZN Wildlife is thanked for permission
to work in the park. William Bond and the staff of
the Hluhluwe Research Centre are thanked for
their input and support. Thanks go to Tim
O’Connor, Nico Smit and Charlie Boucher for their
comments on earlier drafts of this work.
REFERENCES
ACOCKS, J.P.H. 1988. Veld types of southern Africa.
Mem. bot. Surv. S. Afr. 57: 1–128.
ANDRESEN, E. 1999. Seed dispersal by monkeys and
the fate of dispersed seeds in a Peruvian rain forest.
Biotropica 31: 145–158.
ANGASSA, A. 2005. The ecological impact of bush
encroachment on the yield of grasses in Borana
rangeland ecosystem. Afr. J. Ecol. 43: 14–20.
ARCHER, S.1989.Have southern Texas savannas been
converted to woodlands in recent history? Am. Nat.
134: 545–561.
AULD, T.D. 1986. Population dynamics of the shrub
Acacia suaveolens (Sm.) Willd.: dispersal and the
dynamics of the soil seed bank. Aust. J. Ecol. 1:
235–254.
BALLANCE, A., SHACKLETON, C.M., SHACKLETON,
S.E., GEACH, B., CROOKES, D., DE WIT, M.,
EVANS, J., VON MALTITZ, G., WILLIS, C.,
KELATWANG, S. & HAVEMANN, J. 2001. Valuing
South Africa’s savannas: methodological issues.
South. Afr. For. J. 191: 43–52.
BENNET, A. & KREBS, J. 1987. Seed dispersal by ants.
TREE 2: 291–292.
BOND, W.J., SMYTHE, K.A. & BALFOUR, D. 2001. Aca-
cia species turnover in space and time in an African
savanna. J. Biogeogr. 28: 117–128.
CHIRARA, C., FROST, P.G.H. & GWARAZIMBA, V.E.E.
1998. Grass defoliation affecting survival and growth
of seedlings of Acacia karroo, an encroaching
species in southwestern Zimbabwe.Afr.J.Range For.
Sci. 15: 41–47.
COE, M. & COE, C. 1987. Large herbivores, acacia trees
and bruchid beetles. S. Afr. J. Sci. 83: 624–635.
CRAWLEY, M.J. 1992. Seed predators and plant
dynamics. In: M. Fenner (Ed.), Seeds: The ecology of
regeneration in plant communities (pp. 156–191).
CAB International, Oxford.
DAVIDSON, D.W., INOUYE, R.S. & BROWN, J.H. 1984.
Granivory in a desert ecosystem: experimental
evidence for indirect facilitation of ants by rodents.
Ecology 65: 1780–1786.
DE RIDDER, N. & BREMAN, H. 1993. A new approach
to evaluating rangeland productivity in Sahelian
countries. In: R.H. Behnke, I. Scoones, & C. Kerven
(Eds), Range ecology at disequilibrium: new models
of natural variability and pastoral adaptation in
African savannas (pp. 104–117). Overseas Develop-
ment Institute, London.
DOAK, P. 2000. Habitat patchiness and the distribution,
abundance, and population dynamics of an insect
herbivore. Ecology 81: 1842–1857.
DU TOIT, P.F. 1967. Bush encroachment with specific
reference to Acacia karroo.Proc.Grassl.Soc.Sth.Afr.
2: 119–126.
GILLON, D., ADAM, F.& HUBERT, B.1984.Production et
consommation de graines en milieu Sahélo-Sou-
danian au Sénégal les fourmis, Messor galla. Insect.
Soc. 31: 51–73.
GROBLER, J.H. 1984. Natal Parks, Game and Fish
Preservation Board. In: T. Greyling & B.J. Huntley,
Directory of Southern African conservation areas.
Foundation for Research Development, Pretoria.
GROSSMAN, D. & GANDAR, M.V. 1989. Land transfor-
mation in South African savanna regions. S. Afr.
Geogr. J. 71: 38–45.
HAMMOND, D.S., BROWN, V.K. & ZAGT, R. 1999.
Spatial and temporal patterns of seed attack and
germination in a large-seeded neotropical tree
species. Oecologia 119: 208–218.
HOLMES, P.M. 1990. Dispersal and predation in alien
Acacia. Oecologia 83: 288–290.
HULME, P.E. 1998. Post dispersal seed predation and
seed bank persistence. Seed Sci. Res. 8: 513–519.
JANZEN, D.H.1971.Seed predation by mammals.Annu.
Rev. Ecol. Syst. 2: 465–492.
JORDAAN, J.J., WESSELS, D.C.J., DANNHAUSER,
C.S.& ROOTMAN, G.T.2004.Secondary succession
in the Mopani veld of the Limpopo Valley, South
Africa. Afr. J. Range For. Sci. 21: 205–210.
KERLEY, G.I.H. 1991. Seed removal by rodents, birds
and ants in the semi-arid Karoo, South Africa. J. Arid
Environ. 20: 63–69.
KERLEY,G.I.H. & ERASMUS, T. 1991. What do mice
select for in seeds? Oecologia 86: 261–267.
KRITICOS, D., BROWN, J., RADFORD, I. & NICHOLAS,
M. 1999. Plant population control and biological
control: Acacia nilotica as a case study. Biol. Control
16: 230–239.
LINZEY, A.V. & WASHOK, K.A. 2000. Seed removal by
ants, birds and rodents in a woodland savanna
habitat in Zimbabwe. Afr. Zool. 35: 295–299.
MACKEY, A.P. 1997. The biology of Australian weeds 29.
Acacia nilotica ssp. indica (Benth.) Brenan. Plant
Prot. Quart. 12: 7–17.
MEIK, J.M., JEO, R.M., MENDELSON, J.R. & JENKS,
K.E. 2002. Effects of bush encroachment on an
assemblage of diurnal lizard species in central
Namibia. Biol. Cons. 106: 29–36.
MIDGLEY, J., ANDERSON, B., BOK, A. & FLEMING, T.
2002. Scatter-hoarding of Cape Proteaceae nuts by
rodents. Evol. Ecol. Res. 4: 623–626.
MILLER, M.F.1994.Seed predation by nocturnal rodents
in an African savanna ecosystem. S. Afr. J. Zool. 29:
262–266.
MILLER, M.F.1995.Acacia seed survival, seed germina-
tion and seedling growth following pod consumption
by large herbivores and seed chewing by rodents.Afr.
J. Ecol. 33: 194–210.
O’CONNOR, T.G. 1995. Acacia karroo invasion of grass-
land: environmental and biotic effects influencing
seedling emergence and establishment. Oecologia
103: 214–223.
PRESTON-WHYTE, R.A. & TYSON, P.D. 1988. The
atmosphere and weather of Southern Africa. Oxford
198 South African Journal of Wildlife Research Vol. 35, No. 2, October 2005
University Press, Cape Town.
PRICE, M.V. & JENKINS, S.H. 1986. Rodents as seed
consumers and dispersers. In: D.R. Murray (Ed.),
Seed dispersal (pp. 191–235). Academic Press,
London.
RINGROSE, S., VANDERPOST, C. & MATHESON, W.
1996.The use of integrated remotely sensed and GIS
data to determine causes of vegetation cover change
in southern Botswana. Appl. Geogr. 16: 225–242.
ROQUES, K.G., O’CONNOR, T.G. & WATKINSON, A.R.
2001.Dynamics of shrub encroachment in an African
savanna: relative influences of fire, herbivory, rainfall
and density dependence.J.appl.Ecol.38:268–280.
SCOTT, J.D. 1967. Bush encroachment in South Africa.
S. Afr. J. Sci. 63: 311–314.
SKARPE, C. 1990. Shrub layer dynamics under different
herbivore densities in an arid savanna, Botswana.
J. Appl. Ecol. 27: 873–885.
STATSOFT, INC. 2000. STATISTICA for Windows.
StatSoft, Inc., Tulsa.
VALONE, T.J. & THORNHILL, D.J. 2001. Mesquite
establishment in arid grasslands: an experimental
investigation of the role of kangaroo rats. J. Arid
Environ. 48: 281–288.
WALTERS, M. & MILTON, S.J. 2003. The production,
storage and viability of seeds of Acacia karroo and
A. nilotica in a grassy savanna in KwaZulu-Natal,
South Africa. Afr. J. Ecol. 41: 211–217
WATSON, H.K. & MACDONALD, I.A.W. 1983. Vegeta-
tion changes in the Hluhluwe-Umfolozi Game Re-
serve Complex from 1937–1975. Bothalia 14: 265–
269.
WEST, O. 1947. Thorn bush encroachment in relation to
the management of veld grazing. Rhod. Agr. J. 44:
488–497.
WHATELEY, A. & PORTER, R.N. 1983. The woody
vegetation communities of the Hluhluwe-Corridor-
Umfolozi Game Reserve Complex. Bothalia 14:
745–758.
ZOLLNER, P.A. & LIMA, S.L. 1999. Search strategies for
landscape-level interpatch movements. Ecology 80:
1016–1030.
Walters et al.: Post-dispersal fate of Acacia seeds in an African savanna 199
